Objective: To examine the association between food intake and serum ferritin over time. Design: Two hundred and thirty-eight individuals, at baseline aged 35, 45, 55 and 65 y, had their food intake assessed by a short food frequency questionnaire and a diet history interview, and serum ferritin measured, ®rst in 1987/88, and again in 1993/94. Setting: The County of Copenhagen, Denmark. Results: Apart from intake frequencies of alcoholic beverages dietary items were poor predictors of serum ferritin. Besides food intake serum ferritin was associated with blood donation in men, and with menopausal status in women. Conclusions: For this middle-aged population, information on alcohol intake and blood loss may be used to rank individuals in relation to iron status, whereas information on intake frequency of dietary items may not. Descriptors: diet; ferritin; methods; longitudinal study food frequency questionnaire
Introduction
Western societies, where most individuals have suf®cient energy and protein intakes, still encounter iron de®ciency in women of fertile age, who are subject to blood losses at menstruation and pregnancy (Food and Agriculture Organization, 1988; Milman et al, 1993; Cook et al, 1994) . Therefore, health authorities recommend that populations, and in particular fertile women, consume a diet providing suf®cient iron, for example 18 mg/d.
Repeated measures of food intake measured by short food frequency questionnaires (FFQ) is considered an easy way to follow compliance with dietary guidelines (Pra Èttala et al, 1992) . Hence, from a public health point of view, it is important to know whether such data on food intake can be used to identify subjects with low iron status. Dietary intake of iron seems to be an invalid measure of iron status , but this does not exclude that other dietary variables such as the food intake, re¯ect-ing more of the complexity of and interaction of dietary enhancers and inhibitors for iron uptake, may be a better predictor of iron status. However, to our knowledge, there are no studies describing how intakes of speci®c foods associate with iron status, measured by serum ferritin concentrations in the general population. Therefore, this present study examines how food patterns estimated from a short food frequency questionnaire (FFQ) predict iron status over time.
Subjects and methods

Subjects
The study included 552 Danish citizens aged 35, 45, 55 and 65 y. This group was an age and sex strati®ed random sample of the population in the western part of Copenhagen County. The one year age groups was chosen because one of the main aims of the study was to analyse age, cohort and period effects. All subjects were invited to a general health examination. Of the 552 subjects invited, 435 agreed to participate in the study and to give a diet history interview. Non participation has been described earlier (Heitmann, 1993) . The study population is considered representative of the general population.
The study was a part of the Danish MONICA project (an international study conducted under the auspices of the WHO to monitor trends and determinants of mortality from cardiovascular diseases), and was carried out in collaboration with the Copenhagen County Center of Preventive Medicine. The examination (GEN-MONICA) was carried out from December 1987 to November 1988. After six years, 511 of the subjects originally sampled were alive, and could be invited to a follow-up examination, and 365 (71%) attended. Of these, 329 had also participated in the GEN-MONICA study. The 106 and the 36 subjects who did not participate in the follow-up, or the baseline examinations, respectively, had the same distribution on sex, age groups, body mass, and energy intake as the 329 subjects who attended both examinations (all P-values b0.20).
Questionnaire data
The method of data collection was the same at the two examinations.
An extensive questionnaire on sociodemography, lifestyle, and health was completed before the general health examination, and the dietary history interview. A medical history included menopausal status, number of pregnancies and abortions, and history of lactation, blood donation, and intake of iron supplements. The questionnaire also included questions about how often the food items in Table 1 were consumed: The alternatives used in the frequency scale were as follows: never, once a month or less, 2± 3 times a month, once a week, 2 ±3 times a week, once a day, 2 ±3 times a day and 4 times or more daily. In the statistical calculations the scale alternatives were converted into weekly frequencies.
Participants were also asked about their average daily intake of cups of tea or coffee, and weekly intake of beer (bottles), wine (glasses), and spirits (units). The FFQ was originally developed for monitoring cardiovascular risk factors, and has been validated as a part of the present study (Osler & Heitmann, 1996; Grùnbñk & Heitmann, 1996) . These validations showed that this short FFQ can quantify intakes, and furthermore, that the questionnaire is responsive to changes in food intake over time.
Diet history interview
In 1987/88, and six years later, the same trained dietician interviewed all the subjects about their habitual diet by the diet history method. The diet was assessed based on information for the previous month, and average daily intakes were calculated from this information. Meal patterns, dishes and foods were explore by interview using a detailed pre-coded interview form. Quantities were explored by the use of food models, photo series, cups and measures. This instrument has been validated earlier (Heitmann, 1993) . Nutrient calculations were carried out with the DANKOST programme, which is derived from the Danish Food Composition Tables. This database included 835 food items in 1988, but in 1991 it was extended and now comprises 1250 food items. The nutrient values were not up-dated on this occasion.
The intake of iron was estimated from the diet history reports.
Serum ferritin
Blood samples were drawn in the fasting state. Serum ferritin was analyzed with a radio immunoassay (Ferritin RIA Amersham, Amersham International plc Cardiff, South Glamorgan). The assay was calibrated against the International Liver Ferritin Standard, WHO 80/602. Iron stores were considered small or absent at serum ferritin values less than 20 mg/l (Milman et al, 1993) .
Statistical methods
Both the intake of iron and the serum ferritin were approximately normally distributed, and log transformation did not alter the results of the statistical tests. Differences in mean values were examined using a t-test. Bivariate associations between serum ferritin and intake of foods, obtained from the FFQ were calculated using Pearsons correlation analyses. Stepwise multiple linear regression analyses were used to select the foods that best predicted serum ferritin, the dependent variable was the serum ferritin. Intakes of foods and beverages, iron, iron supplements, blood donation, menopausal status and education were entered into the equation. The criterion applied for adding new variables into the equation was that each new variable had to improve the variance explained by the Animal fats a 8.4 (7.0) 7.9 (7.0) 8.6 (7.0) 8.1 (7.0) Vegetable margarine 8.8 (7.0) 6.5 (7.0) 4.3 (2.5) 4.1 (1.8) Low fat margarine 3.4 (0.0) 3.6 (0.0) 4.2 (2.5) 3.6 (0.0) Cheese 6.7 (7.0) 5.8 (7.0) 7.4 (7.0) 6.6 (7.0) Milk, yoghurt 7.7 (7.0) 7.0 (7.0) 6.4 (7.0) 6.1 (7.0) Fish 1.1 (0.5) 1.0 (0.5) 0.9 (0.5) 1.1 (0.5) Eggs 2.3 (2.5) 1.8 (1.0) 2.0 (1.0) 2.0 (2.5) Meat 5.6 (7.0) 5.4 (7.0) 4.6 (2.5) 4.5 (2.5) Meat for sandwich 5.7 (7.0) 6.0 (7.0) 3.5 (2.5) 3.4 (2.5) Fruit 4.7 (2.5) 4.7 (2.5) 7.0 (7.0) 6.8 (7.0) Juice 1.8 (0.5) 2.4 (1.0) 2.1 (0.5) 2.0 (0.5) Vegetables, boiled 2.7 (2.5) 2.4 (1.0) 3.4 (2.5) 2.8 (2.5) Vegetables, raw 2.5 (2.5) 2.5 (2.5) 3.1 (2.5) 2.7 (2.5) Potatoes 4.6 (2.5) 4.2 (2.5) 4.0 (2.5) 3.4 (2.5) Ryebread, light 2.8 (0.0) 4.2 (0.3) 2.9 (0.0) 3.0 (0.0) Ryebread, dark 8.4 (7.0) 9.0 (7.0) 8.7 (7.0) 8.5 (7.0) White bread 3.6 (2.5) 3.1 (2.5 Dietary and non-dietary factors associated with iron status M Osler et al model with at least 1.5%. All models were screened for collinearity between independent variables using variance in¯ation factors, this showed that collinearity was not a problem, the analyses were carried out for the whole group, and for men and women separately. The food intake data was measured on an ordinal scale, and differences between food groups of subjects with serum ferritin values below 20 mg/l were examined using a non-parametric Wilcoxon test. Individual changes in food intake, measured by the FFQ method, were estimated by subtracting the 1993/94 scorevalue from the 1987/88 value. Negative values indicate a more frequent food intake in 1993/94 compared to 1987/88, zero means no change, and positive values indicate a less frequent food intake. Change in serum ferritin, and iron intake, re¯ected by the diet history were assessed in the same manner. Associations between the two measurements of individual change in food intake were calculated for each food group using Pearson correlation analyses, a stepwise regression analysis was used to identify the change in dietary and non-dietary variables that best predicted change in serum ferritin level.
Results
Of the 163 men and 166 women who attended both examinations, there was complete data on diet and serum ferritin for 111 men and 127 women. There were no signi®cant differences in educational status, BMI, reported energy or iron intakes between participants with complete (238) and incomplete (91) measurements (all Pb0.20), the present analysis included these 238 subjects with complete measurements only. In both men and women mean iron intakes were below the recommended levels, and none of the women had intakes above the recommended 18 mg iron per day, the mean intake of iron did not change signi®-cantly during the six year study period. At baseline, 43% of men and 48% of women took iron supplements regularly, but six years later the percentages were 30% and 33%. During follow-up, the percentage of women who had entered menopause increased from 55 ±66%, at baseline 17% of men and 14% of women were blood donors, while at follow-up the percentages were 10% and 8% only (Table 2) . Table 1 also shows that serum ferritin was higher in men than in women, postmenopausal women had three times higher mean serum ferritin than premenopausal women, both at the baseline (42 vs 108 mg/l) and the follow-up examinations (170 vs 147 mg/l). Mean serum ferritin increased in men and in postmenopausal women but not in the premenopausal women during the study period.
Serum ferritin
Dietary and non-dietary factors associated with serum ferritin
Baseline data. In 1987/88, the frequencies in men of meat (r 0.33), and wine consumption (r 0.40) were signi®-cantly associated with serum ferritin, while in women intake frequencies of rice (r 70.19), candy (r 70.23), beer (r 0.23) and spirits (r 0.21) were associated with serum ferritin. A multivariate analysis on the baseline data showed that in men, blood donation, the consumption of wine, and oatmeal explained about 33% of the total explainable variation in serum ferritin, in women, the consumption of wine, candy, and menopausal status predicted serum ferritin (Table 3) .
Follow-up data. In 1993/94, bivariate analyses showed that the intake frequencies in men of meat for sandwich (r 0.45), coarse ryebread (r 0.26), and beer (r 0.30), and in women of oatmeal (r 0.35), pasta (r 70.19), beer (r 0.22), wine (r 0.29), and spirits (r 0.20), were associated with serum ferritin. At follow-up the analyses showed that among men, coarse ryebread, wine, and blood donation explained 42% of the variation in serum ferritin, while meat for sandwiches, oatmeal, jam, spirits and menopausal status explained 50% of the variation among women (Table 3) . s.e.m. in square brackets.
Dietary and non-dietary factors associated with iron status M Osler et al
Changes between 1987/88 and 1993/94. During the study period, consumption frequency of vegetable margarine and potatoes decreased, while it increased for pasta and juice in men, in women, the consumption frequency of cheese and vegetables decreased, while it increased for pasta, rice, candy and wine (Table 1 ). In the bivariate analyses individual changes in serum ferritin was associated with changes in intake frequencies in men of oatmeal (r 0.42), white bread (r 0.23), and potatoes (r 70.30), and in women with meat for sandwich (r 0.44), coarse white bread (r 0.35), candy (r 70.38), cakes (r 70.35), and fruit (r 0.24). From the multivariate regression analyses it could be estimated that changes in the consumption frequencies of fruit, juice and coffee explained 51% of the change in serum ferritin in men. In women, changes in consumption frequencies of juice, and spirits explained 19% of the change in serum ferritin (Table 4) .
Discussion
The present population-based study showed that in both 1987/88 and 1993/94 iron intakes among these Danish adults were well below the national recommendations, despite this, mean serum ferritin concentrations were normal. Explanations for this include that recommended values have very broad safety limits, and that more than 30% of subjects took iron supplements. However, the study also indicated that only a smaller part of the variance in serum ferritin was explained by food, dietary iron and iron supplements, while consumption of alcoholic beverages and non-dietary factors such as iron losses due to menstruation, and to blood donation contribute most to the explained variation in serum ferritin. Some of the foods associated with serum ferritin such as oatmeal and candy are not important sources of iron or iron enhancers in the Danish diet. The associations found suggest that these foods serve as indicators of a certain food pattern, the lack of associations might depend on the fact that the analyses were based on a relative small sample. In order to increase the power of the study we created a uni®ed predictive equation by combining the two datasets to give a more robust prediction. However, this produced nearly the same results as in the non-pooled analyses. In men, blood donation, consumption of wine, beer, ryebread and meat explained 31% of the variation in serum ferritin, while in women the consumption of wine, and candy and the menopausal status explained 27% of the variation. In this larger pooled dataset we also analysed the data with pre-and post-menopausal women, as two separate populations, and men according to their blood donation status. None of the variables predicted serum ferritin in premenopausal women, while the consumption of wine were predictive in post-menopausal women. In men, who did not donate blood, coarse bread was the only item that predicted serum ferritin, however, it should be noted that the data were collected from the same indi-viduals and therefore may not have ful®lled the basic assumption of independence for multiple regression. The present FFQ was developed for monitoring cardiovascular risk factors, and did not specify type of meat or vegetables, but grouped these foods into very broad categories. This may have obliterated the between person variation for the speci®c foods high in iron such as organ meat (6 ±20 mg/100 g), pulses (2 ± 14 mg/100 g) and green leafy vegetables (1 ± 18 mg/100 g), and may explain the relatively weak and inconsistent associations to serum ferritin found for the food groups. Another explanation included the fact that the biological availability of dietary iron from foods, depends on the composition of meals, (that is the absorption of iron from two different meals, with Dietary and non-dietary factors associated with iron status M Osler et al similar iron content, may vary considerably due to interaction between dietary iron and iron enhancers and/or inhibitors). Finally, bias in diet reporting of iron intake may be substantial, as suggested in a previous study .
Conclusion
The present analyses showed that a few dietary items, such as alcoholic beverages, seem to predict serum ferritin, furthermore, serum ferritin was associated with blood donation in men, and with menopausal status in women. Hence information on alcohol intake and blood losses may be used to roughly classify individuals according to their iron status. On the other hand the short FFQ seems to be insuf®cient for this purpose, at least in its present form.
